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BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001 1 The present invention relates to semiconductor manufacturing and testing. 

The present invention further relates to probe cards that are used to perfomi test 
and/or bum-in procedures on semiconductor devices. 

Related Art 

[0002| Individual semiconductor (integrated circuit) devices (dies) are t>pically 

produced by creating several identical dies on a semiconductor wafer, using 
known techniques of photolithography, deposition, and the like. Generally, these 
processes are intended to create a plurality of fully-functional integrated circuit 
devices, prior to singulating (severing) the individual dies from the 
semiconductor wafer. In practice, however, certain physical defects in the wafer 
itself and certain defects in the processing of the wafer inevitably lead to some of 
the dies being "good" (fully-functional) and some of the dies being "bad" 
(partially functional or non-functional). It is generally desirable to be able to 
identify which of the plurality of dies on a wafer are good dies prior to their 
packaging, and preferably prior to their being singulated from the wafer. 

[0003] To this end, a wafer test system may advantageously be employed to make 

a plurality of discrete pressure connections to a like plurality of discrete 
connection pads (bond or contact pads) on the dies. In this manner, the 
semiconductor dies can be tested and exercised, prior to singulating the dies from 
the wafer. A conventional component of a wafer test system is a "probe card 
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assembly" (also called a "probe card") which can include a number of 
components coupling electrical signals between tester processing circuitry and 
probe elements. Probe elements have tips which effect pressure connections to 
respective pads of the semiconductor dies during testing and buni-in. 

|0004| FIG. 1 is a simplified diagram of a conventional test system 100. Test 

system 100 includes a chuck 1 10, wafer 120, devices under test (DUTs) 125, 
probe elements 130, probe card assembly 140 and tester 150. Chuck 110 
supports wafer 120. Chuck 1 10 is coupled to a control mechanism (not shown) 
which positions DUTs 125 with respect to probe elements 130 during testing. 
Wafer 120 includes one or more DUTs 125. For example, DUTs 125 can be a 
number of semiconductor dies fabricated on wafer 120 which are undergoing 
testing in a manufacturing process. 

[00051 Probe card assembly 1 40 is positioned between wafer 1 20 and tester 1 50. 

Probe card assembly 140 is responsible for coupling signals between probe 
elements 130 and tester 150. During testing, probe tips 135 on probe elements 
130 contact each DUT 125 at pads 126 positioned at predetermined locations. 
Tester 150 then perfomis any number of conventional testing routines. 

|0006| FIG. 2 shows an example probe card assembly 140 in further detail. 

Probe card assembly 140 includes a space transformer 210, interposcr 220, and 
a printed circuit board (PCB) 230. Interconnection elements 215 couple space 
transformer 210 and intcrposer 220. Interconnection elements 225 couple 
interposer 220 and printed circuit board 230. Note only two interconnection 
elements 215 and two interconnection elements 225 are shown for clarity, 
however, many such interconnection elements 215, 225 can be used. Electrical 
signals at probe elements 130 are carried through space transfonner 210 to 
interconnection elements 2 1 5, to interposcr 220, to interconnection elements 225, 
and eventually to PCB 230. PCB 230 then interfaces with a tester 1 50 as show n 
in FIG. 1. Similarly, electrical signals including test commands and signal test 
patterns issued by tester 1 50 pass through PCB 230, interconnection elements 



225, intcrposer 220, interconnection elements 215, space transformer 210, and 
eventually to probe elements 130. 

[0007| As the number of DUTs 125 being tested in parallel increases and the 

number and pitch of contact pads 1 26 on each DUT 125 increases, the number of 
probe elements 1 30 and their density increases. Space transformer 2 1 0 serves as 
an interface between the relatively dense arrangement of probe elements 1 30 and 
the larger and less dense geometry of printed circuit board 230. In particular, 
space transformer 210 interconnects probe elements 130 and interconnection 
elements 215. Space transfomier 2 1 0 primarily includes passive circuit elements 
such as wires or other electrical conduits for coupling signals from probe 
elements 130 to a larger spatial geometry of interconnection elements 215. 
Capacitors are also sometimes used in space transformer 2 1 0 to further condition 
electrical signals passing therethrough. Simple, low power electronic 
components such as relays are sometimes used to allow separate control of the 
powering on and off of the testing performed on individual DUTs 125. 

[0008| Interposer 220 couples signals traveling between interconnection elements 

2 1 5 and 225. Interposer 220 is optional and is used to further maintain alignment 
when the position of space transfomier 210 is adjusted in a "z" direction 
perpendicular to the surface of a wafer (e.g., wafer 120). PCB 230 couples 
signals between interconnection elements 225 and tester 150. PCB 230 can 
include any type of electronic circuitry that supports testing. For example, PCB 
230 often includes an interface unit to couple signals to and from a port on tester 
150. PCB 230 can also include circuitry for converting signals sent in a test 
pattern by tester 1 50 for a particular number of expected devices under test to the 
actual number of devices under test in a given process. In this way, if tester 1 50 
is configured to send a test pattern in 64 channels for 64 DUTs and only 32 DUTs 
arc present in a particular process, PCB 230 can include processing circuitry to 
issue the test pattern on the appropriate 32 channels. Note probe card assembly 
1 40 is illustrative. In general, different types of probe card assemblies exist with 
different components and configurations. For example, some probe card 




-4- 

assemblies do not include an inlerposer and some probe card assemblies may not 
include a printed circuit board. 
[00091 One design goal of probe card assembly 140 is to provide uniform output 

signals to tester 150. Several factors are increasing the demands made upon 
probe card assembly 140. First, input/output (I/O) speeds continue to increase. 
Accordingly, the clock rate at tester 1 50 continues to increase from a megahertz 
range to even a gigahertz range. Second, the number and density of probe 
elements 130 continues to increase with the increasing number of leads (also 
called pads) on DUTs 125. Further, pad and pitch sizes of DUTs 125 continue 
to decrease, thereby increasing the density of the contacting probe elements 1 30. 
These demands upon probe card assembly 140 make it more difficult to provide 
uniform output signals. Problems such as pin-to-pin skew, differences in rise 
time, and other parasitics can occur as electrical signals travel through probe card 
assembly 140 during testing. Such problems are exacerbated when electrical 
signals have to travel over an extensive path between probe elements 130 and 
tester 150. 

[00101 One approach to handling the increasing demands upon probe card 

assembly 140 is to incorporate additional hardware in probe card assembly 140 
to carry out testing functionality. For example, active electronic components can 
be mounted on printed circuit board 230. These active electronic components can 
carry out certain testing functionalities. In this way, the length of the electrical 
signal path is reduced since certain electrical signals only need to travel from the 
probe elements 1 30 to PCB 230 before being processed. This solution can be of 
somewhat limited benefit, however, since the electrical path between probe 
elements 1 30 and PCB 230 may still be too great to sufficiently reduce parasitics. 
Accordingly, it is desirable to position active electronic components which can 
support testing functionality even closer to probe elements 130. Moving active 
electronic components close to probe elements 130, however, results in design 
problems heretofore not faced in probe card assemblies. In particular, the dense 
packing arrangement of probe elements 130 would require that the active 
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electronic components be packed densely as well. Among other things, this leads 
to a healing problem not encountered before in probe card assemblies. 
[001 1 1 Heating problems have been recognized with respect to wafers. Different 

test systems have provided cooling mechanisms for wafers. The cooling 
mechanisms arc provided both to control temperature and to maintain even 
heating across a wafer. For example, in certain testing and bum-in applications 
a particular temperature condition must be maintained. See also, U.S. Patent No. 
5,198,752, issued to Miyata et al and U.S. Patent No. 6,140,616, issued to 
Andberg. 

BRIEF SUMMARY OF THE INVENTION 

(00 1 2] The present invention provides a probe card cooling assembly. The probe 

card cooling assembly includes a cooling system, coolant circulation system, and 
a cooled package. The cooled package includes one or more dies. Each die is 
directly cooled on one or more sides by a coolant present within the cooled 
package. In this way, heat generated by active electronic components on one or 
more surfaces of a die is transferred away from the active electronic components. 
Such direct cooling of die surfaces in a probe card assembly according to the 
present invention minimizes temperature variation across each die and reduces 
electrical parameter variation; hence, the unifomiity of output test signal 
characteristics such as rise time and pin-to-pin skew is improved. Hot spots on 
a die surface are reduced or eliminated, allowing the operating temperature range 
of a die to be increased. 

[001 3| In one embodiment, the cooled package includes a housing that encloses 

a cavity. The housing has at least one coolant port that allows a coolant to 
circulate within the cavity. Each die is mounted on a substrate within an enclosed 
and sealed cavity in which coolant is circulated. In one example, one die is 
mounted w ithin the cavity of the housing. In another example, a plurality of dies 
are mounted within the cavity of the housing. In another example, a high-density 
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coolcd package is pro\ idcd in which an cirray of densely packed dies are arranged 
within the cavity of the housing. A high-density cooled package in a probe card 
assembly is further advantageous for some embodiments in that additional 
electronic components supporting testing operations can be positioned compactly 
at or near probe elements. In one preferred example, a high-density cooled 
package includes an array of densely packed dies mounted such that die surfaces 
with active electronic components face a substrate within the cavity of the 
housing. 

[00141 In one example, a housing of a cooled package includes top and bottom 

substrates coupled by a seal. A cooling system is coupled to a coolant circulation 
system to provide liquid and/or gas coolant into and out of one or more coolant 
ports in the housing. In one arrangement, the housing includes two coolant ports. 
For example, two ports such as one-way flow valves can be provided in an O-ring 
seal coupling the top and bottom substrates. One port passes coolant into the 
cavity and the other port passes coolant out of the cavity. In this way, heat is 
transferred directly away from the active surfaces of the dies. 

100151 According to a further feature, one or more dies include compliant 

interconnects coupled to at least one substrate. Such compliant interconnects 
allow coolant to circulate around all surfaces of the dies within the cavity while 
maintaining effective structural and electrical contact between each die and the 
substrate. In preferred embodiments of the present invention, the compliant 
interconnects are spring contacts which couple a die to a bottom substrate. Dies 
can be soldered to the spring contacts or held by frictional contact with the aid of 
alignment posts in a socket configuration. The spring contacts provide a flexible, 
resilient stand-off that allows liquid or gas coolant to run between the substrate 
and one or more sides of each die, including direct contact with the active surface 
of the die to provide unifomi cooling even for high-power applications. Such 
spring contacts allow coolant circulation and heat transfer away from active 
surfaces of dies even in embodiments of the present invention involving one or 
more dies which are mounted to face a substrate within the cavity of a housing. 



|U016| According to a further feature, non-contacting compliant interconnects are 

also provided on a die surface. A non-contacting compliant interconnect can be 
any type of compliant interconnect such as a spring. These non-contacting 
compliant interconnects do not contact a substrate, but serve to direct heat away 
from areas of the die surface. This further improves cooling of die(s) in a cooled 
package according to the present invention. 

|001 7] In one embodiment, a cooled package includes one or more dies mounted 

in a stacked die arrangement. In this arrangement, one or more dies are flip-chip 
bonded to a top substrate. The top substrate is then coupled by compliant 
interconnects to a bottom substrate. 

[0018] In one embodiment of a cooled package according to the present 

invention, electrical connections between one or more dies and external 
components are made through output contacts at a peripheral edge of the bottom 
substrate. In another embodiment, electrical connections between one or more 
dies and external components are made through output contacts at a top 
substrate. According to a further feature, additional electrical connections can 
run through a cooled package directly between the top and bottom substrates. 

[001 9) An advantage of the present invention is that embodiments of the present 

invention can include a probe card cooling assembly for use in a test system 
which position a direct cooled package at or near probe elements. One or more 
dies can then carry out high-power applications such as testing operations at or 
near probe elements. Additional active electronic components can be included 
in one or more dies at or near probe elements without reaching an overheating 
condition that degrades testing signal quality to an unacceptable level. Placing 
the active electronic components at or near the probe elements rather than at a 
more remote tester also reduces the conduction path of signals and further 
increases pcrfomiance. In one embodiment, a routine for positioning active 
electronic testing components near probe elements is provided. This routine 
includes sealing active components in a package, coupling the package to probe 
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elemcnls, and circulating coolant through the package during operation of the 
active components in testing. 

[0020] One additional advantage of a probe card cooling assembly with direct 

cooling according to the present invention is it is easy to disassemble for 
maintenance and repair. Another advantage of the probe card cooling assembly 
with direct cooling according to the present invention is that it is inexpensive to 
assemble. Another advantage is that in certain embodiments electrical 
interconnects can be made to both the top and bottom of the package. 

[0021 1 Further, in another embodiment of the present invention, a probe card 

cooling assembly according to the present mvention mcludes a coohng member 
and a cooled package with one or more heat radiators such as cooling fms. The 
cooled package includes a housing that encloses a cavity. A coolant fills the 
cavity. One or more dies are mounted on a substrate within the cavity and are 
directly cooled by surrounding coolant. In this embodiment, however, heat is 
transferred away from the coolant by one or more heat radiators to the cooling 
member. 

|0022] Further features and advantages of the present invention, as well as the 

structure and operation of various embodiments of the present invention, are 
described in detail below with reference to the accompanying drawings. 

BRIEF DESCRIPTION OF THE FIGURES 

[0023] The accompanying drawings, which are incorporated herein and form part 

of the specification, illustrate the present invention and, together with the 
description, further serve to explain the principles of the invention and to enable 
a person skilled in the pertinent art to make and use the invention. In the 
accompanying drawings: 

|0024| FIG. 1 is a side view of certain components in use in a conventional test 

system including a probe card and wafer. 
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[0025| FIG. 2 is a side view of a conventional probe card assembly used in the 

test system of FIG. 1 . 

|0026| FIG. 3 A is a side view of a probe card assembly including a probe card 

cooling assembly according to an embodiment of the present invention. 
[0027| FIG. 3B is a diagram of a probe card cooling assembly according to an 

embodiment of the present invention. 
[0028] FIG. 3C is an example plot that illustrates the principle of how^ a liquid 

coolant generally remains at a constant temperature during a boiling range during 

operation of the probe card cooling assembly shown in FIG. 3B. 
[0029J FIG. 3D is a diagram of a probe card cooling assembly according to an 

embodiment of the present invention. 
[0030| FIG. 4A is a diagram of a high-density package with output contacts at the 

edge of a substrate according to an embodiment of the present invention. 
[0031] FIG. 4B is a diagram that shows dies mounted in a stacked die 

arrangement according to an embodiment of the present invention. 
(00321 FIG. 4C is a diagram that illustrates non-contacting compliant 

interconnects provided on a die surface according to a further feature of the 

present invention. 

[0033| FIG. 5 is a diagram of a high-density package with electrical connection 

through a housing cavity and output contacts on a top ceramic substrate. 
[0034] FIG. 6 is a diagram of a high-density package illustrating dies attached in 

a socket configuration according to an embodiment of the present invention. 
[0035] FIG. 7 is a flowchart of a routine for incorporating active electronic 

components near probe elements according to an embodiment of the present 

invention. 

(0036) FIGs. 8-1 1 are diagrams of types of spring contacts that can be used in a 

cooled package according to a further feature of the present invention. FIGs. 8A 
and SB illustrate examples of wire bond t>pc spring contacts that can be used in 
a cooled package. FIGs. 9A, 9B, 1 OA- IOC and 1 1 illustrate spring contacts that 
are made lithographically rather than by a wire bonding technique. 
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|0037) FIG. 12 is a diagram of a probe card cooling assembly according to a 

luilher embodiment of the present invention. 



DETAILED DESCRIPTION OF THE INVENTION 
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|0038| The following description is for the best modes presently contemplated 

for practicing the invention. This description is not to be taken in a limiting 
sense, but is made merely for the purpose of describing the general principles of 
the invention. The scope of the invention should be ascertained with reference 
to the claims. In the description of the invention that follows, like numerals or 
reference designators will be used to refer to like parts or elements throughout. 



1. Over\'iew and Discussion 



|0039| The present invention provides a probe card cooling assembly. The probe 

card cooling assembly includes a cooled package with one or more dies. Each die 
is directly cooled on one or more sides by a coolant present within the cooled 
package. Embodiments of the present invention are described w ith respect to a 
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coolcd high-density package. The present inx ention can include but is not limited 
cooled high-density package. In general, a probe card cooHng assembly 
according to the present invention can include only one die or a plurality of dies 
arranged in any configuration or layout within a cooled package. 
[0040] The present invention is described in terms of a test system environment. 

For example, the present invention can be used with a commercially available test 
system or tester from Teradyne, Advantest, Electro-Glass, TSK, TEL, Agilent or 
other manufacturer. Description in these temis is provided for convenience only. 
It is not intended that the invention be limited to application of these example 
environments. In fact, after reading the following description, it will become 
apparent to a person skilled in the relevant art how to implement the invention in 
alternative environments known now or developed in the future. 

2. Terminology 

(0041] To more clearly delineate the present invention, an effort is made 

throughout the specification to adhere to the following term definitions as 

consistently as possible. 
(0042| The term "die" refers to any integrated circuit, chip, silicon chip or other 

semiconductor or electronic device. 
[00431 The terms "interconnect" and "interconnection element" refer to any 

electrical connection, including but not limited to a compliant interconnect. 
[0044] The term "compliant interconnect" refers to a non-rigid electrical 

connection including, but not limited to, a spring contact available from 

FomiFactor, Inc. and the types of spring contacts described herein. 
[0045] The term "active electronic component" refers to any heat generating 

electronic component including but not limited to a transistor, switch, resistor, 

logic gate, or integrated circuit. 
[0046] The temi "direct cooling of an active electronic component" as used to 

describe the present invention refers to infiuencing the temperature of an active 
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eleclronic component with a coolant placed in thcmial contact with the active 
electronic component. 

3. Probe Card Cooling Assembly 

[0047] FIG. 3 A is a diagram of a probe card assembly 300 that includes a probe 

card cooling assembly 302 according to the present invention. Probe card 
assembly 300 further includes probe elements 305, interposer 320, and printed 
circuit board 330. Probe card cooling assembly 302 is coupled between probe 
elements 305 and electrical interconnects 315. Interposer 320 is coupled between 
electrical interconnects 315 and electrical interconnects 325. Printed circuit 
board 330 is coupled between electrical interconnects 325 and a computer (not 
shown). Probe elements 305 can include, but are not limited to, tungsten needles, 
vertical probes, cobra probes, L-type probes, plunger probes, spring contact 
probes, and contact bump probes formed on a membrane. Electrical 
interconnections 315 and 325 can be any type of electrical interconnection. In 
one preferred example, compliant interconnections are used. For example, 
compliant interconnections can be used as described in commonly-assigned U.S. 
Patent No. 5,974,662, issued to Eldridge et ciL (see, for example, probe card 
assembly 500 in FIG. 5), incorporated by reference in its entirety herein. 
Interposer 320 and printed circuit board 330 are illustrative and not intended to 
limit the present invention. For example, interposer 320 and PCB 330 can be 
omitted, and probe card cooling assembly 302 is coupled directly to a computer 
or other device in a tester system. 

[0048] Probe card cooling assembly 302 includes an active probe head 310, 

coolant circulation system 3 1 2, and cooling system 3 1 4. Active probe head 3 1 0 
is a package that includes one or more active electronic components (not shown 
in FIG. 3A). The package includes a housing 3 1 1 that encloses a cavity 313. In 
embodiments, only one die or a plurality of dies are arranged within cavity 3 13. 
In other embodiments, active probe head 310 is a high-density package with a 
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plurality of dies arranged in a compact configuration. Examples of cooled 
packages having one or more dies are described below with respect to FIGs. 3B- 
3D, Further examples of cooled high-density packages used in active probe head 
310 according to the present invention are described below^ with respect to 
FIGs. 4-6. 

[0049] The housing of a cooled package further includes coolant ports 3 1 7, 3 1 9 

coupled to the coolant circulation system 312. Coolant port 3 1 7 allows coolant 
to enter cavity 3 1 3 as shown by directional arrow 316. Coolant port 3 1 9 allows 
circulating coolant to exit cavity 3 1 3 as shown by directional arrow 318. Coolant 
circulates in cavity 313 and directly contacts active electronic components. 
Active electronic components can be positioned at or near one or more surfaces 
of a die so that heat is transferred from the surfaces to the coolant. Moreover, in 
embodiments, the coolant can directly contact most or all of a surface area on one 
or more sides of a die. In this way, hot spots are reduced or eliminated. 

[00501 Cooling system 3 1 4 is coupled through coolant circulation system 3 1 2 to 

the coolant ports 3 1 7, 3 1 9 of active probe head 3 1 0. Coolant circulation system 
312 can be any type of pipe or conduit for carrying coolant to and from active 
probe head 310 and cooling system 314. Cooling system 314 is any type of 
conventional cooling system for circulating coolant and transferring heat. 
Multiple coolant ports and mechanical devices can be used to evenly distribute 
coolant within a cavity or to distribute coolant in a particular way. One bi- 
directional coolant port can also be used. In one example, a tank holding liquid 
coolant is used in cooling system 3 1 4. Pumps are used to drive liquid to and from 
the coolant circulation system 3 12. A refrigerator coil is provided in the tank to 
cool the coolant to a desired temperature. A heater coil can also be added to the 
tank if further control of the temperature of the coolant is desired. 

[0051] Cooling system 314 can circulate any type of liquid coolant and/or gas 

coolant. Example types of coolant include, but are not limited to, ethylene glycol, 
liquified nitrogen, fluorocarbons, FLORINERT, FREON, and a combination of 
FREON and a nonfreezing liquid. 
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[00521 FIG. 3B shows another embodimeni of a probe eard cooUng assembly 

350. Probe card cooHng assembly 350 includes a liquid coolant that boils at 
about the desired operating temperature of a die. Coolant is pumped through 
coolant circulation system 312 into a cavity within housing 360 so that one or 
more dies 362 are immersed in the liquid coolant below a coolant level 364. 
During testing operations, each die 362 may generate sufficient heat to cause 
microboiling near active surfaces of the die. Such microboiling converts some 
of the liquid coolant into a gas. This provides an additional advantage in that the 
liquid coolant surrounding each die 362 generally remains at a constant 
temperature dunng boiHng. Ihis also serves to increase the operating 
temperature range of the die. FIG. 3C is an example plot that illustrates the 
principle of how a liquid coolant generally remains at a constant temperature 
during a boiling range 370. A combination of liquid and gas (or gas only) then 
exits housing 360 and travels through coolant circulation system 312 to liquifier 
352. Liquifier 352 converts the coolant from a gas phase back into a liquid phase 
before pumping or circulating the coolant back into housing 360. 

[00531 Examples of cooled packages which can be used in an active probe head 

310 are now described in further detail with respect to FIGs. 3D and 4-6. These 
examples are illustrative and not intended to limit the present invention. 

4. Cooled Package with One or More Dies 

(0054| FIG. 3D is a diagram of a cooled package 380 that can be used in an 

active probe head according to a further embodiment of the present invention. 
Cooled package 380 includes a housing made up of a chamber 381 and bottom 
substrate 382. Chamber 381 can be made from ceramic, stamped metal, molded 
plastic, cast metal, etc. Bottom substrate 382 can be any type of substrate 
including, but not limited to, a substrate made of FR-4, ceramic, copper-invar- 
copper, etc. 



[0055| One or more dies 362 are coupled to a surface of bottom substrate 382 and 

positioned within a cavity 383 in chamber 381. One die 362 may be used as 
shown in FIG. 3D. Alternatively, a plurality of dies 362 may be used. Die(s) 362 
can be arranged in any desired layout on the surface of the bottom substrate 382. 
Each die 362 is coupled to bottom substrate 382 through respective interconnects 
388. Interconnects 388 can be any type of electrical interconnection element, 
including but not limited to compliant interconnects. Examples of compliant 
interconnects are further described below. In one preferred embodiment, each 
die 362 is coupled to bottom substrate 382 through respective groups of 
compliant interconnects 388. Die(s) 362 are further mounted such that an active 
surface 385 of a die 362 faces toward an inside surface of bottom substrate 382. 
Probe elements 305 extend from an outside surface of the bottom substrate 382 
such that tips on probe elements 305 engage with DUTs on a wafer (not shown). 

[0056] In FIG. 3D, two coolant ports 384, 386 are shown. Coolant port 384 

allows coolant from cooling system 3 1 4 to pass into chamber 38 1 as indicated by 
directional arrow 387. Coolant port 386 allows coolant within chamber 381 to 
pass out to cooling system 314 as indicated by directional arrow 389. In one 
example, coolant ports 384, 386 are one-way fluid flow valves. In other 
examples, one port or many ports of any type can be used. Such ports and/or 
other mechanical devices can permit a one-way or two-way flow of coolant. 

[0057] Within a cavity in chamber 381, the coolant freely circulates around all 

sides of die(s) 362 and interconnects 388. The coolant directly cools active 
electronic components on die(s) 362. In this way, the present invention reduces 
the magnitude of thennal gradients across each die and makes remaining thermal 
gradients (if any) more even across each die. Hot spots are reduced or eliminated. 
Die operating temperature range is increased. 

|0058| According to one feature of the present invention, die(s) 362 arc 

preferably arranged along a plane parallel to the plane of bottom substrate 382 
and a plane of a wafer under test (not shown) and probe elements 305. Cooled 
package 380 has probe elements 305 coupled directly to bottom substrate 382. 
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Further, part or all of testing circuitry and processing can be incorporated into one 
or more die(s) 362. In this way, the distance of an electrical path from probe 
elements 305 to active test circuitry is minimized. By minimizing temperature 
variation across the die with direct cooling and minimizing the electrical path 
length over which signals travel, cooled package 380 reduces electrical parameter 
variation and parasitics, and provides an improved uniformity of output signal 
characteristics such as rise time and pin-to-pin skew. 
[0059] Cooled package 380 further includes output contacts (not shown) coupled 

to one surface of bottom substrate 382. Output contacts can be provided on an 
bottom substrate 382 or on chamber 381 . Any type of output contact for cooled 
package 380 can be used including, but not limited to, any type of interconnection 
element, such as, spring contacts, pins, solder columns, bumps, contact elements, 
etc. Example output contacts are further described with respect to 
interconnection elements used in the high-density cooled packages of FIGS, 4-6. 

5. High-Density Cooled Packages 

[0060| FIG. 4A is a diagram of a high-density cooled package 400 according to 

an embodiment of the present invention. High density cooled package 400 
includes a housing made up of a bottom ceramic substrate 410 and top ceramic 
substrate 420. Top and bottom ceramic substrates 410 and 420 are sealed by a 
seal 440 and enclose a cavity 402. Seal 440 can be any type of seal that can retain 
a coolant. In one example, seal 440 is an O-ring. 

[0061] An array of dies 430a-430c are coupled to a surface of bottom ceramic 

substrate 4 1 0 within cavity 402. Any number of dies 430 may be used to cover 
the available surface area (also called package component area) on the surface of 
the bottom ceramic substrate 410 within cavity 402. In one embodiment, sixty- 
four dies are provided in a densely packed, multi-chip arrangement. 
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[0062] In one preferred cmbodmienl, each of the dies 430a-430c are coupled lo 

the bottom ceramic substrate 410 through respective compliant interconnects 
432a-432c. Dies 430 are further mounted to face bottom ceramic substrate 410. 
In particular, an active surface of the die 430a faces bottom ceramic substrate 
410. Active surfaces of other dies 430b-430c similarly face bottom ceramic 
substrate 410. 

[0063] In FIG. 4 A, two coolant ports 442 and 444 are shown. Coolant port 442 

allows coolant from cooling system 314 (not shown in FIG. 4 A) to pass into 
cavity 402. Coolant port 444 allows coolant within cavity 402 to flow back 
toward cooling system 314. In one example, coolant ports 442 and 444 are one- 
way fluid flow valves. Within cavity 402, the coolant freely circulates around all 
sides of dies 430 and compliant interconnects 432. The coolant directly cools 
active electronic components on dies 430, In this way, the present invention 
reduces the magnitude of thermal gradients across each die and makes remaining 
thermal gradients more even across each die. Hot spots are reduced or 
eliminated. 

10064] Dies 430 are preferably arranged along a plane parallel to the plane of the 

bottom ceramic substrate 410 and a plane of a wafer and probe elements 305. 
The high-density package has probe elements 305 coupled directly to the bottom 
substrate 410. Further part or all of testing circuitry and processing can be 
incorporated in dies 430. In this way, the distance of an electrical path from 
probe elements 305 to active test circuitry is minimized. By minimizing 
temperature variation across the die with direct cooling and minimizing the 
electrical path length over which signals travel, high-density package 400 reduces 
parasitics and provides an improved unifonnity of output signal characteristics 
such as rise time and pin-to-pin skew. 

|0065| High-density package 400 further includes output contacts 413 coupled 

to one surface of bottom ceramic substrate 410. Output contacts 4 1 3 are provided 
on an edge region of the bottom ceramic substrate 410 and are electrically 
coupled to interconnection elements 415. In one example, output contacts 413 
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can be a land grid arry (LGA) pattern. Interconnection elements 415 can be any 
type of electrical interconnection element, including but not limited to compliant 
interconnects. Interconnects 4 1 5 are further coupled to any external component. 
In a testing environment, interconnects 415 can be coupled to an inlerposer or 
printed circuit board, or to another external component in the test system. 

[0066] FIG. 4B is a diagram that shows dies 430a, 430b mounted in a stacked die 

arrangement according to an embodiment of the present invention. Dies 430a, 
430b are flip-chip bonded to top substrate 420. Top substrate 420 is then coupled 
by compliant interconnects 482 to bottom substrate 410. This stacked die 
arrangement can be implemented in any of the cooled packages described herein 
including but not limited to high-density cooled packages. Coolant circulates 
around dies 430a, 430b to directly cool die surfaces. 

[00671 FIG. 4C is a diagram that illustrates non-contacting compliant 

interconnects 494 provided on a die surface 430a according to a further feature 
of the present invention. Coolant circulates around die 430a, compliant 
interconnects 432a, and non-contacting compliant interconnects 494 to directly 
cool die surfaces. Non-contacting compliant interconnects 494 can be any type 
of compliant interconnect such as a spring. As shown in FIG. 4C, non- 
contacting compliant interconnects 494 do not contact bottom substrate 410, but 
serve to direct heat away from areas of the die surface. This further improves 
cooling of die(s) in a cooled package according to the present invention. This 
arrangement of one or more dies with non-contacting compliant interconnects can 
be implemented in any of the cooled packages described herein including but not 
limited to high-density cooled packages, 

[00681 FIG. 5 is a diagram of a high-density package according to a further 

embodiment of the present invention. High-density package 500 includes a 
housing that encloses a cavity 502. The housing includes a bottom ceramic 
substrate 5 1 0 and top ceramic substrate 520. Top and bottom ceramic substrates 
5 1 0 and 520 are coupled in a sealed package by seal 440. Coolant ports 442 and 
444 allow the circulation of a liquid coolant through cavity 502, as described 
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above with respect to FIG. 4. In a testing en\ ironment, bottom ceramic substrate 
5 1 0 is coupled on one surface to probe elements 305. Another surface of bottom 
ceramic substrate 510 is coupled to dies 430 through compliant interconnects 
432. 

(0069| Unlike package 400, package 500 includes output contacts 5 1 3 provided 

on a top surface 521 of top ceramic substrate 520. Output contacts 513, for 
example, can be a LGA pattern (as shown in FIG. 6). Also, interconnections 5 1 5 
are provided through cavity 502 between top and bottom ceramic substrates 5 1 0, 
520. Any number of interconnections 5 1 5 can be provided as desired. Package 
500 has all the advantages described above with respect to package 400, in that 
the thermal gradients in dies 430 are reduced and the electrical path from probe 
elements 305 to dies 430 is relatively short. Package 500 is even more compact, 
in that the output contacts do not have to be provided on an edge region of the 
bottom ceramic substrate 5 1 0. Instead, output contacts 5 1 3 are provided on the 
top surface 521 of top ceramic substrate 520. In this way, electrical signals can 
pass through output contacts 5 1 3 to any external components such as the spring 
contact interposer shown in FIG. 5. In the embodiment shown in FIG. 5, 
interposer 550 has a substrate 552, a first set of interconnects 554 connecting one 
surface of substrate 552 to output contacts 513, and a second set of interconnects 
556 extending from the opposite surface of substrate 552 for connecting to 
another component (not shown). Interposer 550 is optional, and in general, 
output contacts 5 1 3 can be coupled to any external component in a test system or 
other electronic package environment. 

100701 F'G. 6 is a diagram of a high-density package 600 according to a further 

embodiment of the present invention. High-density package 600 is identical to 
package 500, except that the dies 430 are coupled to bottom ceramic substrate 
5 1 0 in a socket configuration. Die alignment posts 670,672 are provided for each 
die 430. In FIG. 6, die alignment posts 670a,672a are provided on opposite sides 
of die 430a. Die 430a is held by frictional contact with die alignment posts 670a 
and 672a, and by compliant interconnections 432a and 680a, to maintain its 
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posilion. In particular, compliant interconnections 680a pro\ idc a downward 
pressure to hold dies 430s in place in the sockets. Coolant provided within 
cavity 502 is still able to circulate on exposed sides of the die 430. Even though 
FIG. 6 shows a socket configuration of dies with respect to the high-density 
package 500, the present invention is not so limited. In particular, a socket 
configuration can also be used in any cooled package having any number of dies 
or any layout of dies by providing die alignment posts. 

6. Routine for Incorporating Active Electronic Components Near Probe Elements 

[0071 ] FIG. 7 is a flowchart of a routine 700 for incorporating active electronic 

components near probe elements according to an embodiment of the present 
invention (steps 710-730). In step 710, active electronic components are sealed 
in a package. These active electronic components can carry out part or all of the 
functionality carried out in a tester to test DUTs. In step 720, the package is 
coupled to probe elements. In step 730, a coolant is circulated through the 
package during operation of active components in testing to reduce thermal 
variations across dies. 

7. Types of Spring Contacts 

[0072 1 According to a further feature of the present invention, spring contacts are 

used within a cooled package to couple one or more dies to a substrate. Such 
spring contacts have an advantage in that they allow coolant to flow around all 
sides of a die and around the spring contacts themselves without impairing 
electrical connection between the die and the substrate. The spring contacts are 
not completely rigid and can maintain their physical integrity in the presence of 
circulating coolant. Also, the spring contacts can enhance direct cooling as they 
have a length that allows coolant circulation and thcimal transfer away from an 
active surface of a die even if the die is mounted to face a substrate. Spring 




-21- 

contacls are also fairly strong by themselves and do not require the use of cpoxy 
or other material which would reduce the surface area on a die which is directly 
cooled by circulating coolant. 

|0073| Any type of spring contact can be used in a cooled package according to 

a further feature of the present invention. A spring contact (also referred to as a 
contact spring or as a spring) can include, but is not limited to, any spring contact 
available now or in the future from FonnFactor, Inc. a Delaware corporation. 
FlGs. 8-1 1 are diagrams of three types of example spring contacts that can be 
used in a cooled package. The three types of spring contacts are wirebond, 
multipart lithographic, and mtcgrally formed springs. 

[00741 FIGs. 8-1 1 are diagrams of three types of example spring contacts that 

can be used in a cooled package. The first type is a wirebond spring contact. 
FIG. 8 A illustrates an exemplary conductive spring contact 810 that may be 
secured to an input/output terminal 804 on a substrate 802. The exemplary spring 
contact 8 1 0 comprises an inner core 830 made of a readily shapeable material and 
a coating material 832 made of a resilient material. The spring contact 810 is 
preferably made by wire bonding the inner core 830 to the input/output terminal 
804. Because the inner core 830 is made of a readily shapeable material, the 
inner core may be formed in just about any shape imaginable, including without 
limitation shapes having a bend or change of direction as illustrated in FIG. 8B, 
and shapes having multiple changes in direction. Then, the coating material 832 
is applied over the inner core 830. The coating material 832 gives the spring 
contact 810 resiliency. Many variations of the spring 810 are possible. For 
example, additional layers of materials may be added to the spring contact for a 
variety of purposes. 

[0075] FIG. 88 shows an example spring 810* having two bends. Spring 810' 

includes an inner core 830' made of a readily shapeable material and a coating 
material 832' made of a resilient material. Spring contact 8 1 0' is preferably made 
by wire bonding the inner core 830* to the input/output temiinal 804'. Then, the 
coating material 832' is applied over the inner core 830'. Further examples of 
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SLich spring contacts are described in commonly-assigned U.S. Patent Nos. 
5,476,2 11,5,91 7,707, and 6, 1 1 0,823, each of which is incorporated herein in its 
entirety by reference. 

[00761 FlGs. 9A, 9B, lOA-lOC and 1 1 illustrate spring contacts that are made 

lithographically rather than by a wire bonding technique illustrated in FIGs. 8A 
and SB. Such spring contacts are made using lithographic techniques similar to 
techniques used for making integrated circuits. That is, one or more masking 
layers are used to create a pattern in which elements of the spring contact are 
formed. FIGs. 9A and 9B illustrate an example in which a contact spring is 
fonned lithographically. As shown one or more masking layers 930 are formed 
on a substrate 902. Masking layers 930 form an opening over an input/output 
terminal 904 of substrate 902 and also define a shape of the spring contact. 
Material 940 is then deposited on the pattern formed by the masking layers 930. 
As shown in FIG. 9B, the masking layers are then removed, leaving a spring 
contact 910 that is secured to the input/output terminal 904. The spring may be 
made of a single, springy material. Alternatively, the spring may be made of 
multiple layers of materials. For example, the initial material 940 deposited in 
the masking layers 930 may be a flexible material such as forms the inner core of 
the springs illustrated in FIGs. 8 A and 8B. That material may then be coated, for 
example, after the masking layers are removed, with a resilient material as 
described above with regard to FIGs. 8A and 8B. 

[0077] The shapes and configurations of contact springs formed lithographically 

are almost limitless. FIGs. 1 OA- IOC and 1 1 illustrate nonexclusive examples of 
such shapes and configurations. In FIG. 1 OA, a plurality of masking layers 1 032, 
1 034, 1 036 define a spring shape at an input/output terminal 1 004. As shown in 
FIGs. lOB and IOC, depositing a spring material or materials 1040 on the 
masking layers and then removing the masking layers fonns a spring 1010 having 
a base portion 1050 secured to the input/output tenninal 1004, a beam portion 
1052, and a contact portion 1054. 




|0078| FIG. 11 illustrates an example of a multi-part lithographically fomied 

spring contact 1110 in which distinct post 1122, beam 1124, and tip 1126 
portions are created. Typically, the post 1122 is created by forming a first 
masking layer (not shown) over a substrate 1102 with an opening over an 
input/output terminal 1104 defining post 1122. The opening is then filled, 
forming the post 1 122. Thereafter, a second masking layer (not shown) is fomied 
over the first masking layer, defining an opening that includes the post 1 1 22 and 
defines the beam 1 124. The beam 1 124 is then created by filling the opening 
with a material. The process is then repeated with a third masking layer (not 
shown) defining the tip 1 126. 

[0079] It should be noted that, rather than form springs on the substrate, springs 

may be formed separately from the substrate and, once formed, attached to the 
substrate. Further descriptions of lithographically formed spring contacts may be 
found in commonly-assigned U.S. patent application serial no. 09/032,473, filed 
February 26, 1 998 (PCT publication WO 9852224), U.S. patent application serial 
no. 09/205,023, filed December 2, 1998, and U.S. Patent No. 6,255,126, all three 
of which are incorporated by reference herein in their entirety. 

[0080] These spring contacts are illustrative examples of compliant 

interconnection elements and not intended to limit the present invention. Any 
interconnection element including, but not limited to, compliant interconnection 
elements may be used to couple one or more dies within a cooled package in a 
probe card cooling assembly according to the present invention. 

8. Additional Embodiments 

10081 1 Further, as shown in FIG. 12, in another embodiment of the present 

invention, a probe card cooling assembly 1 200 includes a cooling member 1 220 
and a cooled package with one or more heat radiators 1210 such as cooling fins 
1210a-1210e. The cooled package includes a chamber 1281 that encloses a 
cavity 1205. Liquid or gas coolant is added through a valve 1202 to fill cavity 
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1205 and immerse one or more dies 362 on substrate 382. During operation, 
die(s) 362 are directly cooled by surrounding coolant. Heat is transferred away 
from the coolant by the one or more heat radiators 1210 to the cooling member 
1220. Cooling member 1220 includes a liquid or gas coolant that circulates 
through cooling member 1220 to further remove heat. 
[0082] Probe card cooling assemblies according to the present invention are not 

limited to cooling dies in an active probe head. A cooling assembly as described 
herein can also be put on an interposer and/or printed circuit board within a probe 
card assembly. For example, a probe card cooling assembly according to the 
present invention can also include one or more cooled packages that house an 
interposer, printed circuit board, and/or dies. A cooling system 3 1 4 and coolant 
circulation system 3 1 2 can then directly cool the interposer, printed circuit board, 
and/or dies. 

9. Conclusion 

10083] The previous description of the preferred embodiments is provided to 

enable any person skilled in the art to make or use the present invention. While 
the invention has been particularly shown and described with reference to 
preferred embodiments thereof, it will be understood by those skilled in the art 
that various changes in form and details may be made therein without departing 
from the spirit and scope of the invention. 



